Introduction
============

The use of antipsychotic medication in the United States and throughout the world has greatly increased over the last fifteen years. The number of individuals prescribed antipsychotic medication in the United States increased between 1997 and 2007 from 2.2 million to 3.9 million.[@b1-jmdh-7-489] The use of antipsychotics in some pediatric populations has had an even more dramatic increase and atypical antipsychotic use in the pediatric population in the United States increased by 60% from 2002 to 2007.[@b2-jmdh-7-489],[@b3-jmdh-7-489]

This increase is partially due to the introduction of second-generation antipsychotic medications that are more appealing to physicians and consumers due to decreased extra pyramidal effects. Traditionally used only for severe mental illness, the second-generation antipsychotics are now routinely prescribed as adjuvant treatment of mood disorders. These drugs are not without significant side effect burdens, many of them relating to cardiovascular health.

Individuals with severe mental illness have significantly increased mortality and a resultant shorter life expectancy when compared to healthy controls. A recent review estimated this decrease to be as great as a 10 to 20 year reduction in average lifespan in this population.[@b4-jmdh-7-489] Multiple factors likely contribute to this increase in mortality but cardiac problems have been identified as a major contributor.[@b5-jmdh-7-489] A large study of a Veterans Administration cohort found that the odds ratio for all-cause mortality was nearly double in subjects with atypical antipsychotic use. This study found a significantly increased risk of cerebrovascular events and transient ischemic attacks, as well as an increased risk of coronary artery disease and congestive heart failure, although this increase did not meet significance.[@b6-jmdh-7-489] Increased risk for cardiovascular issues in the mentally ill population is likely due to multiple factors including medication side effects, poor access to medical care, underlying organic comorbidity, and poor compliance with medical care. Additionally, patients with mental illness often have higher incidence of poor cardiovascular risk factors including smoking, sedentary lifestyle, etc.[@b7-jmdh-7-489]

The popularity of second-generation antipsychotics and the complex interaction between side effect burden and psychiatric benefit creates a growing need for a multidisciplinary approach to provide optimal outcomes.[@b8-jmdh-7-489],[@b9-jmdh-7-489] Communication between mental health and medical care providers should ideally occur throughout the treatment process. The diagnosis and severity of each patient's psychiatric symptoms must be weighed against the individual's medical risk factor profile to determine a rational pharmacotherapeutic approach. This review attempts to summarize the available evidence on clinical issues arising related to the cardiac management of patients taking antipsychotic medications. The cardiovascular negative effects related to antipsychotic drugs reviewed in this article include: sudden death, electrocardiogram (ECG) and corrected QT segment (QTc) changes, metabolic syndrome, diabetes, hyperlipidemia, and myocarditis.

Methods
=======

A PubMed literature review was performed using the following search terms: antipsychotics AND cardiac care, antipsychotics AND orthostatic hypotension, antipsychotics AND prolonged QTC, antipsychotics AND metabolic syndrome, antipsychotics AND sudden death, antipsychotics AND myocarditis. The reviewers focused on recent meta-analyses, review articles, and large studies. Further articles were identified through cited papers and based on expert consultation when necessary.

Results
=======

PubMed literature review and bibliographic search of identified studies yielded 61 relevant articles. Expert consultation provided five additional articles.

QT prolongation and sudden death related to antipsychotic use
=============================================================

ECG changes, specifically prolongation of the QT interval, have been noted as an adverse effect of many medications including antipsychotics. QT prolongation is clinically relevant as it is associated with increased risk for the life-threatening arrhythmia torsades de pointes (polymorphic ventricular tachycardia). Being aware of this possibility and correctly recognizing drug-induced torsades de pointes is vital since treatment with a medication such as amiodarone, (used for a similar-appearing monomorphic ventricular tachycardia and for ventricular fibrillation), may worsen the condition.[@b10-jmdh-7-489]

The length of the QT segment on the ECG represents the time it takes for ventricular depolarization and repolarization. Assuming a narrow QRS complex, it is primarily used as an indicator of the time it takes for the ventricles to repolarize. Because the QT segment can vary with heart rate changes the QTc is often used as a more accurate representation of ventricular repolarization. The QTc is roughly measured by dividing the measured QT segment by the square root of the R to R interval.[@b11-jmdh-7-489] Values for QTc ≤0.44 seconds in men and ≤0.46 seconds in women are considered normal.[@b12-jmdh-7-489] As alterations in ventricular repolarization can impact underlying cardiac rhythms, the QTc becomes very clinically relevant in analyzing ECGs.

The mechanism of ventricular depolarization and repolarization is accomplished through various ion channels within the cardiac myocytes. Accordingly, any alterations in relevant electrolyte levels will impact the duration of ventricular depolarization and repolarization. Normally the ventricles are not depolarized until the completion of a full repolarization period. In situations in which ventricular repolarization is prolonged (usually \>0.50 seconds)[@b13-jmdh-7-489] a signal of depolarization can reach the ventricles before the ventricle is fully repolarized. These so-called "early afterdepolarizations" can induce torsades de pointes and other fatal cardiac arrhythmias.[@b14-jmdh-7-489]

Controversy regarding sudden cardiac death
------------------------------------------

Historically, there has been some controversy as to the extent that arrhythmias have contributed to sudden cardiac death in patients taking antipsychotic medication. The earliest reports of sudden cardiac death related to antipsychotic use date back to the mid-1960s[@b15-jmdh-7-489] but the cause of these deaths remained unclear.[@b16-jmdh-7-489],[@b17-jmdh-7-489] The connection between antipsychotic medication, arrhythmias, and resultant sudden cardiac death gained greater attention in the late 1990s.[@b18-jmdh-7-489],[@b19-jmdh-7-489]

Antipsychotic agents were shown to block repolarizing potassium currents in vitro[@b20-jmdh-7-489] and to prolong the QT interval.[@b21-jmdh-7-489] Prolonged QTc was assumed to be a risk factor for sudden cardiac death from unstable ventricular tachyarrhythmias precipitated by torsades de pointes.[@b14-jmdh-7-489] In 2009 Ray et al published findings of a study investigating increased risk of sudden cardiac death as an adverse effect of atypical antipsychotic medications.[@b22-jmdh-7-489] Using a Medicaid database to retrospectively calculate the incidence of sudden cardiac death among users of typical and atypical agents they found that both antipsychotic classes were associated with an approximate doubling of the risk of sudden cardiac death relative to non-users. This risk was dose-dependent in both medication classes and was assumed to be due to drug-induced arrhythmias.

These findings were disputed by the American Psychiatric Association (APA) Council on Research who argued that the use of death certificates in the study may have led to an overestimation of the incidence of sudden cardiac death due to drug-induced arrhythmias and an underestimation of other cardiovascular morbidity in users of antipsychotic drugs.[@b23-jmdh-7-489] This argument was strengthened by a review of the root causes of 100 consecutive cases of sudden death in a cohort of psychiatric subjects. This review found that about half of the cases of sudden unexpected death were likely due to acute coronary syndrome, upper airway obstruction, pulmonary emboli, or thrombotic strokes. The remainder of the cases were found to have high incidence of cardiovascular risk factors, and it was argued that these deaths did not necessarily result from direct arrhythmogenic effects of medications.[@b24-jmdh-7-489]

Clinical approach to QT changes
-------------------------------

Regardless of the exact extent to which sudden cardiac death results from drug-induced arrhythmia, the connection between QT prolongation and sudden cardiac death has been confirmed in a meta-analysis of 23 observational studies showing a dose-related effect of antipsychotic drugs on QT interval and subsequent mortality. Drug-induced prolongation of the QT interval by 50 milliseconds was shown to correlate with an increase of all-cause mortality by 20%, cardiovascular mortality by 29%, and sudden cardiovascular mortality by 29%.[@b25-jmdh-7-489] A recent observational study of subjects without concomitant risk factors also found a dose-dependent relationship between QT prolongation and antipsychotic use.[@b26-jmdh-7-489]

Because of the increased risk of death associated with QT prolongation the APA practice guidelines suggest that an absolute QTc interval of \>500 milliseconds or an increase of 60 milliseconds from baseline requires either a decrease in dosage or discontinuation of antipsychotic medication.[@b23-jmdh-7-489] Patients with agitation or psychosis in this situation should be treated with benzodiazepines, mood stabilizers, or electroconvulsive therapy (ECT) as alternatives to antipsychotic medications.

Risk factors
------------

Recognizing patients at risk for arrhythmia is an important part of clinical decision making. A list of risk factors for QTc prolongation is provided in [Table 1](#t1-jmdh-7-489){ref-type="table"}. A large case-control study found that drug-induced prolonged QTc was associated with hypokalemia, hepatitis C virus, HIV infection, and T-wave abnormalities.[@b27-jmdh-7-489] The study authors noted that 85% of patients with drug-induced prolonged QTc had two or more of the above risk factors. Surprisingly, no association was found between drug-induced QTc prolongation and presence of cardiovascular risk factors or coronary artery disease. Other risk factors for prolonged QT include female sex,[@b28-jmdh-7-489] age,[@b29-jmdh-7-489] agitation,[@b31-jmdh-7-489] and use of multiple QT prolonging medications.[@b32-jmdh-7-489]

Age was also noted to be a factor in a meta-analysis of two large studies (n=56,000) that noted QTc increases with age in healthy individuals independent of medications.[@b29-jmdh-7-489] It should also be noted that, in the pediatric population, a recent nested case-control trial did not find an association with antipsychotic drug use and prolonged QTc.[@b30-jmdh-7-489]

Agitation leading to hospitalization has also been argued to be a risk factor for prolonged QT as a recent study observed that about 25% of patients admitted to the psychiatric hospital were found to have abnormal or borderline QT as compared to about 9% at discharge.[@b31-jmdh-7-489]

Routine ECG monitoring
----------------------

Despite the risk of QT prolongation, the APA practice guidelines do not suggest routine monitoring of healthy individuals before starting most antipsychotic medication.[@b33-jmdh-7-489] The guidelines suggest ECG monitoring for patients with cardiac risk factors starting high risk medications (eg, ziprasidone), for patients with signs of arrhythmia (syncope), for patients on a second agent causing prolonged QTc, and for all patients starting the first-generation antipsychotic pimozide.[@b23-jmdh-7-489] The National Institute for Health and Care Excellence (NICE) clinical guidelines additionally suggest routine testing in all patients admitted to an inpatient unit along with those at increased risk.[@b34-jmdh-7-489]

Specific agents
---------------

Antipsychotic medications have been found to increase QTc as a class but variance does exist between medications. Initially, several first-generation antipsychotics were noted to have the largest effect on QTc, among them sertindole, thioridazine, and droperidol. Consequently, the use of these agents significantly decreased and thioridazine was withdrawn from the market by its producer in 2005 due to torsadogenic concerns. It is no longer available worldwide and its withdrawal likely led to a significant increase in hospitalizations in some countries highlighting the need for risk-benefit analysis and interdisciplinary discussion when considering medication withdrawals.[@b35-jmdh-7-489]

Of the second-generation antipsychotics available in the United States, ziprasidone and iloperidone have been noted to have the greatest effect on QTc. Others agents available elsewhere such as amisulpride and sertindole have also been implicated to an even greater degree.[@b36-jmdh-7-489]

Of note, ziprasidone was not found to cause increased mortality in comparison to olanzapine in a large open label study of more than 18,000 patients. The study authors note that the study was not sufficiently powered to identify increased risk of torsades or sudden cardiac death.[@b37-jmdh-7-489]

Consideration of QTc effects are also important in the context of the common off-label use of haloperidol via intravenous infusion for agitation or delirium in the hospital setting. Although haloperidol, a commonly used first-generation antipsychotic, has been found to have only mild effects on QTc when given in the intramuscular (IM) or oral form, the US Food and Drug Administration (FDA) has issued a warning regarding its administration intravenously or at high doses due to numerous case reports of torsades and death associated with intravenous haloperidol.[@b38-jmdh-7-489] The FDA suggests ECG monitoring in any case intravenous administration is used. The guidelines also advise "caution" in cases of electrolyte imbalances, particularly hypokalemia or hypomagnesemia. The same would apply in patients with underlying cardiac abnormalities, hypothyroidism, or familial long QT syndrome, and in those who are taking other drugs known to prolong the QT interval. Further studies have confirmed a statistically significant increased risk of prolonged QTc with the use of intravenous haloperidol when compared to commonly used second-generation antipsychotics. Despite this warning, observational studies have shown that patients given haloperidol often have modifiable risk factors for arrhythmia and it appears that further education and implementation strategies are needed in this area.[@b39-jmdh-7-489]

In situations when an antipsychotic with minimal torsadogenic risk is required several options exist. One meta-analysis of seven commonly used antipsychotic agents found that aripiprazole caused a mean decrease of QTc.[@b40-jmdh-7-489] It should be noted that FDA monitoring of adverse events did find an increased signal for torsades de pointes in aripiprazole versus other medications not known to affect QTc.[@b41-jmdh-7-489]

Although introduced only recently and having limited direct comparison data, lurasidone has also been noted to have minimal effect on QTc in clinical trials.[@b42-jmdh-7-489] A more recent Bayesian meta-analysis of 15 commonly used antipsychotic agents found that the QTc interval was not significantly affected by either aripiprazole or lurasidone.[@b36-jmdh-7-489]

The recommendations for ECG and electrolyte monitoring of patients on antipsychotic drugs (based on the APA and NICE guidelines) are summarized in [Table 2](#t2-jmdh-7-489){ref-type="table"}.

Metabolic syndrome and long-term risk factors
=============================================

Weight gain and metabolic abnormalities were noted as an adverse outcome to the original antipsychotic chlorpromazine soon after its introduction. Most other typical anti-psychotics did not show significant side effects in this area. With the advent of clozapine in the 1970s and risperidone in the 1980s, this issue became a more common problem as the newer agents were observed to cause significant changes in patients' weight and metabolic profiles.[@b43-jmdh-7-489]

Some evidence exists that patients with schizophrenia may develop weight gain, obesity, and metabolic syndrome independent of antipsychotic drug use, although this was noted to have a prevalence of only about 10% of all early episode and untreated patients.[@b44-jmdh-7-489] In the chronic schizophrenia population the percentage is much higher. A meta-analysis found the overall prevalence of metabolic syndrome in chronic schizophrenia patients to be approximately 32%.[@b44-jmdh-7-489] Cross-sectional studies in several countries have found the prevalence of metabolic syndrome in patients taking antipsychotic medication to be as high as 45%--50% with a correspondingly high risk for coronary artery disease in this group.[@b45-jmdh-7-489],[@b46-jmdh-7-489]

In approaching the issues of antipsychotic induced metabolic syndrome, diabetes, and dyslipidemia several approaches have been developed, and clinicians would again be best served using a collaborative approach. Once a patient has developed metabolic abnormalities or a syndrome due to antipsychotic drug use, several options have been explored. These include switching to another agent, decreasing the dose of the offending agent, lifestyle interventions, or further pharmacotherapy to treat the issue. Each intervention has limitations and available evidence on an optimal approach is still inconclusive. A proposed treatment algorithm for dealing with antipsychotic induced weight gain and metabolic syndrome is provided in [Figure 1](#f1-jmdh-7-489){ref-type="fig"}.

Monitoring
----------

Regular monitoring for metabolic issues in at-risk individuals is an important first step in determining a treatment plan. The risk factors include: personal and family history of obesity, diabetes, dyslipidemia, hypertension, or cardiovascular disease. The consensus guidelines for monitoring of patients starting antipsychotic medication are to measure the baseline weight and height (so that body mass index can be calculated), waist circumference (at the level of the umbilicus), blood pressure, fasting plasma glucose, and fasting lipid profile.[@b47-jmdh-7-489]

Continued monitoring includes weight checks every few weeks, as well as checking the fasting glucose, lipids, and blood pressure after 12 weeks of treatment. The fasting glucose can then be checked yearly, and fasting lipids every 5 years. Patients should also be screened for personal or family history of diabetes, at baseline and yearly.[@b47-jmdh-7-489] Unfortunately, clinicians have been found to have poor adherence to these guidelines.[@b48-jmdh-7-489]--[@b51-jmdh-7-489] Clearly, there is a need for programs to help educate providers and to facilitate monitoring of these cardiac risk factors.

Initial drug choice
-------------------

Choosing an initial agent with a more favorable profile has been argued by some as the best approach in preventing the development of weight gain and metabolic syndrome. Identifying patients who are at risk for metabolic syndrome or who would likely be at highest risk from a medical standpoint may be helpful in this regard as other considerations such as price or comorbid conditions may take precedence in some cases. Recent work has been undertaken to identify genetic polymorphisms most at risk for metabolic side effects, although this technology is still in the experimental stages.[@b52-jmdh-7-489]

Many factors should be considered when choosing an antipsychotic agent including history of drug trials, efficacy, tolerability, and cost. The second-generation antipsychotics associated with low risk are more expensive than older higher-risk agents, although the decreased risk of metabolic side effects might mitigate some or all of these costs. A cost analysis based on the results of the Clinical Antipsychotic Trials of Intervention Effectiveness (CATIE) trial found that the use of ziprasidone versus olanzapine would save about US \$500,000 per 100,000 Medicaid patients in direct medical costs relating to metabolic issues.[@b53-jmdh-7-489] It should be noted that the study did not consider other costs related to poorer psychiatric outcome with ziprazidone due to higher discontinuation rate and lower efficacy as compared with olanzapine.

Another important consideration is tolerability and effectiveness for psychiatric symptoms. Although clozapine and olanzapine have been implicated as the worst offenders in regards to metabolic side effects, it may be necessary to use these agents due to their favorable profiles in treating psychosis. Olanzapine was shown to have statistically significant longer duration of use until discontinuation in the CATIE trial,[@b54-jmdh-7-489] while clozapine has been shown to be an effective treatment for subjects in whom other antipsychotics are not effective.[@b55-jmdh-7-489]

Hierarchy of medications
------------------------

In determining a rank order for medications with regards to metabolic and weight changes only limited evidence exists of head to head comparison trials for most medications. The CATIE trial did provide convincing evidence that olanzapine caused greater change in weight and metabolic parameters. This was a large blinded randomized controlled trial of multiple antipsychotic agents and found that olanzapine caused significantly greater weight gain than risperidone, quetiapine, and perphenazine. The same trial found ziprasidone to be weight neutral.[@b54-jmdh-7-489] A meta-analysis of comparison trials confirmed that olanzapine and clozapine were the worst offenders with regard to weight gain and metabolic side effects. The same study found that risperidone, quetiapine, aripiprazole, and ziprasidone were not significantly different in the area of weight gain; however, quetiapine caused significantly more increase in cholesterol than risperidone or ziprasidone. It should also be noted that this review found that most first-generation antipsychotics cause some weight gain as well.[@b56-jmdh-7-489] A recent review of aripiprazole trials found that this drug is relatively weight neutral when compared with other second-generation antipsychotics.[@b57-jmdh-7-489]

Without evidence from direct head to head trials secondary approaches must be used to determine a hierarchy for propensity to cause weight gain and metabolic issues. It should be noted that even medications that have been determined to be weight neutral may cause weight gain in a subset of patients while causing weight loss in others. The percentage of patients gaining 7% or more of their body weight in a placebo control trial can be compared to determine which agents are most likely to cause weight gain. For example 8% of schizophrenic subjects taking aripiprazole in placebo control trials gained 7% or more of their body weight.[@b58-jmdh-7-489] This number was lower in ziprasidone and lurasidone with only about 4% and 3% of subjects gaining 7% or more of their body weight.[@b59-jmdh-7-489],[@b60-jmdh-7-489] A list of agents with available information on the percentage of patients who gained 7% or greater of their body weight is provided in [Tables 3](#t3-jmdh-7-489){ref-type="table"} and [4](#t4-jmdh-7-489){ref-type="table"}. The existence of this subset requires providers to be vigilant in the monitoring of patients taking even the "weight neutral" medications. With regards to the number needed to harm in regards to 7% weight gain this number was found to be as high as six for schizophrenic patients taking olanzapine.[@b68-jmdh-7-489]

A recent review article used a more complex approach to indirectly compare agents based on data from multiple trials in which both drugs were compared to a common agent (or placebo). By comparing effect sizes determined in each trial a hierarchy was created for multiple effects including weight gain and metabolic parameters. This trial found that haloperidol, ziprasidone, lurasidone, and aripiprazole cause significantly less weight gain than most other commonly used agents including risperidone, quetiapine, and chlorpromazine. Olanzapine was again confirmed as causing significantly more weight gain than risperidone and quetiapine, but did not differ significantly from chlorpromazine, clozapine, iloperidone, sertindole or zotepine.

Based on the above evidence antipsychotic drugs have generally been stratified into high, intermediate, and low risk profile. A 2011 review concluded that clozapine, olanzapine, and (first-generation agent) chlorpromazine are considered highest risk, quetiapine, risperidone, sertindole, and paliperidone are considered intermediate risk. Lurasidone, ziprasidone, aripiprazole, amisulpride, and most first-generation agents are considered to be low risk or weight neutral.[@b69-jmdh-7-489] Additional meta-analysis of newer agents found that asenapine caused the highest percentage of patients' significant weight gain followed by iloperidone and paliperidone. Lurasidone was confirmed as having no significant effect on body weight.[@b70-jmdh-7-489]

Dose reduction or switch
------------------------

In the event that a patient does experience antipsychotic-induced weight gain clinicians are faced with several options. As a rule, multiple treatments are available for a particular psychiatric condition, making the possibility of switching to an alternate agent a viable option. For example, if an anti-psychotic is being used as an adjuvant treatment for major depression other options such as lithium or levothyroxine augmentation, cognitive behavioral therapy, or electroconvulsive therapy might be considered.

Caution is advised, however, when changing a stable psychiatric regimen in schizophrenic or schizoaffective patients, as a history of good treatment response to a particular agent does not necessarily translate to positive response with other agents. The CATIE trial, for example, found that subjects who switched medications had higher probability of discontinuing the new agent than those whose regimen remained stable.[@b71-jmdh-7-489] The decision to switch agents or to lower the dose of a medication that has caused metabolic side effects should therefore be a collaborative one between the cardiologist or internist involved, the psychiatrist, and, if possible, the patient.

Switching medication to an agent with a more favorable metabolic profile appears to be effective in at least partially reversing weight gains. A recent review on aripiprazole trials found that a switch to aripiprazole was successful in improving weight and metabolic parameters.[@b57-jmdh-7-489] Similarly, a general review article found that most studies showed some benefit with switching from higher-risk agents to those with lower risk.[@b72-jmdh-7-489] In contrast, a recent meta-analysis concluded that a switch strategy to another agent was generally weight-neutral overall and that patients did not lose the weight previously gained.[@b73-jmdh-7-489] This was true even with a switch to aripiprazole, ziprasidone or amisulpride. There may still be impetus to switch to an agent with a better profile since weight gain induced by olanzapine or clozapine often continues increasing even after the initial 6 week period.

Lowering the dose of a medication that has induced weight gain is another possible approach and has been used in dealing with this issue as well. Some studies, however, have suggested that this side effect may not be fully dose-related, and therefore this option may not be sufficiently effective.[@b74-jmdh-7-489]

Lifestyle change
----------------

Lifestyle changes have been shown to provide some benefit in this area. In a study of a schizophrenic population a three part behavioral intervention of group weight-management sessions, individual weight-management sessions, and group exercise sessions was found to have significant improvements in weight compared to those who received treatment as usual.[@b75-jmdh-7-489] A review article of 18 studies involving behavioral interventions found that lifestyle interventions in the psychiatric population showed positive results, although these were less robust than similar studies in the general population.[@b76-jmdh-7-489]

Meta-analysis has found that such interventions had a larger effect size than pharmacologic interventions in independent studies.[@b72-jmdh-7-489] The authors noted that in the only head-to-head comparison trial the opposite was found and metformin was more effective at producing weight loss than behavioral interventions. Such interventions are unfortunately not available to many patients, and the effectiveness of patient education and general suggestions of lifestyle change without more intensive interventions have not been fully determined.

Pharmacologic interventions
---------------------------

The addition of a second agent to counteract the metabolic effects or weight gain is a possible option if lifestyle changes are impractical, insufficient, or have failed. Several meta-analyses have been performed on a variety of pharmacologic interventions.[@b72-jmdh-7-489],[@b77-jmdh-7-489] In these, metformin has been identified as the medication having the strongest evidence for efficacy to reduce both weight gain and metabolic changes based on eleven available randomized control trials. Metformin (750 mg daily) is also an appealing choice in that it is relatively low-cost and has been found to be generally well-tolerated in trials.[@b78-jmdh-7-489],[@b79-jmdh-7-489] Other agents found to be effective in meta-analyses were: aripiprazole adjuvant therapy, topiramate, sibutramine, and reboxetine.

Several other agents have recently been suggested as possible therapies in this case. A recent trial found that melatonin was helpful in decreasing weight gain in bipolar patients with antipsychotic-induced weight gain.[@b80-jmdh-7-489] Vitamin D3[@b81-jmdh-7-489] and omega 3 fatty acids have been proposed as possible therapies in the case of antipsychotic induced weight gain as well.

General approach to hyperlipidemia
----------------------------------

Although not included in meta-analyses because of a lack of randomized control trials, the use of a statin for primary prevention of cardiovascular events in psychiatric patients, including those on antipsychotics has not been found to have significant contraindications.[@b82-jmdh-7-489] There is concern that statins may have a compounding effect with antipsychotic medication in increasing the risk of diabetes as statins have been found to increase the risk for insulin resistance. Thus far, studies investigating the use of a statin in patients on antipsychotic medications over a short period did not find an increase in fasting glucose or HbA1c levels.[@b83-jmdh-7-489],[@b84-jmdh-7-489] There does not appear to be evidence against using statins for patients on antipsychotics as determined by general guidelines for hyperlipidemia.

The American College of Cardiologists and the American Heart Association published guidelines for a general approach to hyperlipidemia in 2013.[@b85-jmdh-7-489] The foundation of the approach is lifestyle modification (diet, exercise, tobacco avoidance, healthy weight) which as noted above may be difficult to implement in a population with significant mental illness. Pharmacologic therapy is recommended for otherwise healthy patients over 21 years of age with low-density lipoprotein (LDL) greater than or equal to 190 mg/dL, for diabetic patients who are 40--75 years of age with LDL above or equal to 70 mg/dL, for patients 21--75 years of age who have clinical cardiovascular disease, and for those who are 40--75 years of age with a 10 year cardiovascular disease risk greater than or equal to 7.5% and LDL above or equal to 70 mg/dL.

The guidelines do not find evidence for efficacy of non-statin drugs (fibrates and niacin) to prevent cardiovascular events, and therefore do not generally recommend their use. Statin therapy is classified into three categories based on effects on LDL cholesterol: high-intensity for a 50% or more decrease (eg, atorvastatin 40--80 mg daily), moderate-intensity for 30%--50% decrease (eg, atorvastatin 10--20 mg daily), and low-intensity for less than 30% decrease (eg, pravastatin 10--20 mg).[@b85-jmdh-7-489]

In contrast to the prior guidelines that focused on achieving specific LDL targets, the new guidelines recommend a specific intensity of statin therapy (eg, using high-intensity statins in patients with diabetes or cardiovascular disease), independent of previously used target LDL being reached as long as the patient can tolerate the medication without side effects.

In cases of patients taking medications with potential interactions with statins the recommendation is to use a lower-intensity statin, even when a higher-intensity statin would normally be recommended (eg, moderate-intensity instead of high-intensity). Before statin initiation in general the alanine aminotransferase (ALT) level should be checked and this is especially important in psychiatric patients as many antipsychotics (eg, olanzapine, quetiapine, and clozapine) can also cause transaminitis.[@b86-jmdh-7-489]

Starting statins in patients on antipsychotics
----------------------------------------------

An initial creatinine kinase (CK) level is only necessary in patients with a personal or family history of intolerance to statins, muscle disease, or who are on other medications that can interact with a statin to increase risk of myopathy. It should be noted that antipsychotics such as clozapine, loxapine, haloperidol, melperone, risperidone, and olanzapine have been known to cause significant CK elevations,[@b87-jmdh-7-489] and checking CK levels before starting a statin would be prudent. After initiation of statin therapy routine CK or ALT testing is not recommended, but should be done if the patient develops signs of hepatotoxicity (ALT) or muscle symptoms (CK).

When starting a statin in a patient who is taking antipsychotics, it is also important to consider possible metabolic interactions between these medications. For example, an increase in risperidone blood levels after addition of a statin has been documented and there have been case reports of rhabdomyolysis and compartment syndrome in a patient on risperidone after the addition of a statin.[@b88-jmdh-7-489],[@b89-jmdh-7-489]

As mentioned above, statins could potentially have an effect of increasing blood glucose and hastening the onset of diabetes in patients at risk. The guidelines' expert consensus notes that the occurrence of a major cardiovascular event is a much greater risk to health than the increase in blood glucose potentially causing diabetes.[@b85-jmdh-7-489] There have also been two randomized control trials of statins versus placebo in young, healthy patients that showed a significant worsening of cognitive indices relative to placebo (which would be worrisome for psychiatric patients whose cognitive abilities may be impaired at baseline),[@b90-jmdh-7-489] but a review of subsequent studies did not find evidence to support this finding.[@b91-jmdh-7-489]

Myocarditis
===========

As noted above, clozapine has been found to be an effective treatment in a subset of patients who do not respond to other antipsychotic agents.[@b55-jmdh-7-489] This agent also has its own unique side effect burden. A full discussion of the use and management of clozapine is beyond the scope of this article, however, one potentially life-threatening cardiovascular side effect of clozapine will be discussed.

Incidence of clozapine induced myocarditis has been estimated to be as high as approximately 1% of patients starting clozapine[@b92-jmdh-7-489] although others have found a lower incidence of about one in five hundred.[@b93-jmdh-7-489] It should be noted that although no definitive increased risk for myocarditis has been identified with other agents, quetiapine has been raised as a possible cause in several reported cases of myocarditis as well.[@b94-jmdh-7-489]

The majority of clozapine-induced myocarditis occurs within the first 4 weeks of treatment, usually between days 14 and 21, although cases have been reported more than a year after treatment initiation.[@b92-jmdh-7-489],[@b95-jmdh-7-489] No specific monitoring guidelines have been recommended in the United States although guidelines have been proposed in Australia including baseline C-reactive protein (CRP), cardiac enzymes, and echocardiography.[@b95-jmdh-7-489]

Certainly, all patients starting clozapine should be monitored for the signs and symptoms of this life threatening side effect and advised to seek medical treatment if these signs arise. The disease course of the illness generally begins with dyspnea, or flu-like symptoms, occurring along with diar-rhea and dysuria followed 1 to 5 days later by hypotension or other signs of heart failure.[@b95-jmdh-7-489],[@b96-jmdh-7-489] Persistent tachycardia, chest pain, fever, or eosinophilia were all found to be predictive of myocarditis compared with healthy clozapine patients.[@b92-jmdh-7-489]

Any of these findings should warrant immediate emergency medical care for workup of myocarditis. Case control studies have indicated that an increase in CRP is the first laboratory abnormality in cases of clozapine associated myocarditis. An increase in troponin I or troponin T and creatine kinase-MB (CKMB) follow, along with left ventricular dysfunction on echocardiography.[@b95-jmdh-7-489] It should be noted that eosinophilia was not present in all cases of myocarditis and even an eosinophil count of zero does not rule out myocarditis.[@b95-jmdh-7-489] Clozapine must be stopped if the diagnosis is suspected and rechallenge after a case of confirmed myocarditis is not recommended.[@b97-jmdh-7-489]

Multidisciplinary approach
==========================

The above discussion highlights the complexity of the interplay between medical risks and psychiatric benefits of antipsychotic medications. The optimum approach to these issues would involve a multidisciplinary team approach including clinicians with expertise in mental illness, internal medicine, as well as psychiatric rehabilitation therapists, registered dietitians, and others who have specific training in educational and program based interventions for a psychiatric population. This would allow psychiatric providers to work closely with an internal medicine team to plot an appropriate course for each patient. It would also allow for input from rehabilitation therapists and dietary experts in providing interventions to increase physical activity and education regarding lifestyle choices including healthy eating habits and smoking cessation.

Such an approach is only possible in a controlled setting where patients spend all or much of their time and receive the majority of their care, such as in an inpatient unit or partial hospital program. A possible structure of the team in such a situation reverses the usual care model and makes the psychiatric provider the patient's "primary physician" and the medical team the consultant. This approach has been effective at the Zucker Hillside Hospital in Long Island where a special medical consult team works with the psychiatric team to deal with medical issues arising from psychiatric care. These settings also allow for integration of extensive rehabilitation services to provide programs involving exercise along with dietary interventions.

In the outpatient setting most patients' situations make such an approach impossible. Patients may be followed by multiple providers and disciplines and these may include a primary care physician who would communicate with the patient's psychiatric provider and refer to dietary and rehabilitation programs as necessary. Unfortunately, many psychiatric patients do not have a primary care doctor, while others may not have an outpatient psychiatrist and are prescribed antipsychotic medication by a primary care provider. It is often difficult to coordinate referrals to registered dietitians or rehabilitation therapy in these situations and interdisciplinary communication is often strained by physical distance and scheduling issues. More programs are needed to improve integration and access for the mentally ill to outpatient services and to facilitate communication between specialties.

Conclusion
==========

Many potential medical complications may arise in patients taking antipsychotic medications. Current literature shows that many antipsychotic agents prolong the QTc interval, which in turn is strongly associated to sudden cardiac death from fatal arrhythmias. It is therefore recommended that if an antipsychotic agent with the potential to prolong QTc is ordered for a patient a baseline ECG should be taken for patients with history or signs of arrhythmia (eg, syncope) and for those taking another agent that which could prolong QTc. Consideration and optimization of risk factors (if possible), drug choice, and appropriate continued ECG monitoring are also required to minimize risk of torsades or sudden death. A review of the APA and NICE guidelines is provided in [Table 2](#t2-jmdh-7-489){ref-type="table"}.

Antipsychotic induced weight gain and metabolic abnormalities is another important area of clinical concern. In determining a treatment approach cardiovascular risk factors and weight gain must be considered against antipsychotic efficacy and psychiatric morbidity. In cases where an agent that has caused weight gain is required, lifestyle and diet changes may be used to improve outcomes but are difficult to implement. The addition of another agent may be a more practical approach in many situations. A proposed treatment algorithm in this case is provided in [Figure 1](#f1-jmdh-7-489){ref-type="fig"}.

Careful monitoring and early collaboration between medical disciplines to deal with these issues is the optimal approach to best manage these complicated situations. Unfortunately adherence to treatment guidelines has been poor in this area. Further study must focus on determining strategies to increase compliance with existing guidelines along with further investigation of behavioral and pharmacologic approaches.

The authors would like to acknowledge Christoph Correll, MD for his help in identifying relevant reviews in the area of antipsychotic induced weight gain.
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![Metabolic and weight gain treatment and monitoring algorithm.\
**Abbreviations:** BMI, body mass index; HbA1c, glycosylated hemoglobin.](jmdh-7-489Fig1){#f1-jmdh-7-489}

###### 

Risk factors for prolonged QTc

  -------------------------------------------------------------
  Hypokalemia[@b27-jmdh-7-489]
  Hepatitis C[@b27-jmdh-7-489]
  HIV[@b27-jmdh-7-489]
  T-wave abnormalities on ECG[@b27-jmdh-7-489]
  Female sex[@b28-jmdh-7-489]
  Age 70 and older[@b29-jmdh-7-489],[@b30-jmdh-7-489]
  Agitation[@b31-jmdh-7-489]
  Use of multiple QTc-prolonging medications[@b32-jmdh-7-489]
  -------------------------------------------------------------

**Abbreviations:** QTc, corrected QT segment; ECG, electrocardiogram; HIV, human immunodeficiency virus.

###### 

Summary of clinical guidelines for antipsychotic medications and ECG changes

  ------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  High risk medications                                                 Initial monitoring guidelines                                                                          Treatment guidelines
  --------------------------------------------------------------------- ------------------------------------------------------------------------------------------------------ -------------------------------------------------------------------------------------------------------------------
  Ziprazidone\                                                          Check electrolytes and ECG\                                                                            Recheck ECG\
  Avoid if:\                                                            • Prior to treatment with agents noted on left in the presence of other risk factors\                  • After significant dose change of agents on left\
  • Prolonged QT syndrome\                                              • Prior to ziprasidone in setting of diuretics or chronic diarrhea\                                    • Development of risk factors on left\
  • Arrhythmia\                                                         *(APA)*                                                                                                • Addition of other QTc-prolonging drugs (see [www.torsades.org](www.torsades.org))
  • Recent MI\                                                                                                                                                                 
  • Uncompensated heart failure\                                                                                                                                               
  • On QT-prolonging drugs (see [www.torsades.org](www.torsades.org))                                                                                                          

  Thioridazine, mesoridazine, pimozide\                                 Check ECG\                                                                                             Assess:\
  Avoid If:\                                                            • If the antipsychotic agent's product characteristics suggest it\                                     • If QTc \>500 msec• If QTc increase of 60 msec from baseline\
  • Known heart disease\                                                • If specific cardiovascular risks are identified (eg, high blood pressure or risk factors on left)\   Action:\
  • History of syncope\                                                 • History of cardiovascular disease\                                                                   • Reduce or discontinue the agent\
  • Family history of sudden death at \< 40 years old\                  • The patient is admitted to the hospital\                                                             • If agitation or psychosis still present, treatwith alternative methods (benzodiazepines,mood stabilizers, ECT)\
  • Prolonged QTc\                                                      *(NICE)*                                                                                               Recheck electrolytes regularly\
  *(APA)*                                                                                                                                                                      • For patients on diuretics or with other risksfor electrolyte disturbances\
                                                                                                                                                                               Refer for cardiovascular evaluation\
                                                                                                                                                                               • For symptoms of possible arrhythmia,including dizziness, syncopal episodes, andpalpitations\
                                                                                                                                                                               *(APA)*
  ------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

**Abbreviations:** ECG, electrocardiogram; MI, myocardial infarction; QTc, corrected QT segment; APA, American Psychiatric Association; NICE, National Institute for Health and Care Excellence; ECT, electroconvulsive therapy; msec; milliseconds.

###### 

Weight gain by agent

  Short term trials                                                    \% subjects gaining ≥7% body weight
  -------------------------------------------------------------------- -------------------------------------
  Aripiprazole (bipolar mania monotherapy)[@b58-jmdh-7-489]            2.2
  Lurasidone (bipolar depression monotherapy)[@b60-jmdh-7-489]         2.4
  Ziprazidone(bipolar disorder 20--40 mg BID)[@b59-jmdh-7-489]         2.4
  Ziprazidone(bipolar disorder 60--80 mg BID)[@b59-jmdh-7-489]         4.4
  Lurasidone (schizophrenia)[@b60-jmdh-7-489]                          4.8
  Aripiprazole (major depressive disorder adjuvant)[@b58-jmdh-7-489]   5.2
  Paliperidone (6 mg/day)[@b61-jmdh-7-489]                             6
  Paliperidone (3 mg/day)[@b61-jmdh-7-489]                             7
  Quetiapine (bipolar depresion)[@b62-jmdh-7-489]                      8
  Aripiprazole (schizophrenia)[@b58-jmdh-7-489]                        8.1
  Risperidone (up to 8 mg/day)[@b63-jmdh-7-489]                        8.7
  Paliperidone (9 or 12 mg/day)[@b61-jmdh-7-489]                       9
  Ziprazidone (schizophrenia)[@b59-jmdh-7-489]                         10
  Iloperidone (10--16 mg/day)[@b65-jmdh-7-489]                         12
  Asenapine[@b64-jmdh-7-489]                                           14.7
  Iloperidone (20--24 mg/day)[@b65-jmdh-7-489]                         18
  Quetiapine (bipolar mania monotherapy)[@b62-jmdh-7-489]              21
  Olanzapine[@b66-jmdh-7-489]                                          22
  Quetiapine (schizophrenia)[@b62-jmdh-7-489]                          23

**Abbreviation:** BID, twice daily.

###### 

Weight gain by agent

  Long term trials                                             \% subjects gaining ≥7% body weight
  ------------------------------------------------------------ -------------------------------------
  Ziprazidone (schizophrenia 20--40 mg BID)[@b59-jmdh-7-489]   5.6
  Ziprazidone (schizophrenia 60--80 mg BID)[@b59-jmdh-7-489]   20
  Clozapine[@b67-jmdh-7-489]                                   35
  Olanzapine monotherapy in adults[@b66-jmdh-7-489]            64
  Olanzapine monotherapy in adolesence[@b66-jmdh-7-489]        89

**Abbreviation:** BID, twice daily.
